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Urinary tract infection (UTI) is the second common infection in children. The diagnosis of UTI in infants
and children can be difﬁcult. Good history taking and physical examination are corner stones of good
care of UTI. In addition, this article reviewed current evident on the methods of urine specimen collection
and various diagnostic criteria to reach the diagnosis of UTI. Asian Guideline for UTI in children is
highlighted to increase consensus of the diagnosis of UTI.
Copyright © 2016, Taiwan Urological Association. Published by Elsevier Taiwan LLC. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Urinary tract infection (UTI) is a common serious bacterial
infection in childhood. Accurate and timely diagnosis and treat-
ment is important for the prevention of long-term morbidity and
sequelae (e.g. hypertension, proteinuria, and chronic kidney dis-
ease). The management and diagnosis of UTI in children are
different from adults and require special consideration. With
expanding data and knowledge in recent decades, diagnosis and
management of pediatric UTI seem to be easy tasks. However, they
actually remain the most controversial and undermined issues. The
absence of typical presentation in young infants, different collect-
ing methods of urine sample, and interpreting the result of uri-
nalysis and urine culture, all contribute to the controversy. Recently
many guidelines have tried to settle several debates in diagnosis of
pediatric UTI, but many questions remain. Here we will review the
recent advances in diagnosis of UTI and propose our criteria for
diagnosis of pediatric UTI.aipei Tzu Chi Hospital, New
ng).
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ociation. Published by Elsevier Ta2. Clinical symptoms and signs
The presence of UTI should be considered on the base of clinical
presentations, the age of the child, and the severity of the diseased.
Unexplained fever is the most important and may be the only
symptom of pediatric UTI, especially in infants. The symptoms and
signs of UTI are very broad and largely depend on the age of the
patients. Young children with UTI may present non-speciﬁc symp-
toms. Fever may be the sole presentation in young infants and is
considered as an important marker of renal parenchymal involve-
ment. Among children 2 to 24 months of age with a fever without
obvious source, prevalence of UTI is about 5%.1 Neonates and young
infants with febrile UTI are more likely to have bacteremia or sepsis
than older children and should be carefully evaluated and
managed.2 UTI in infants can manifest as diverse and non-speciﬁc
symptoms. Fever, sepsis, lethargy, prolonged jaundice,3 hematuria,
poor feeding, vomiting, diarrhea, irritability, failure to thrive, cloudy
or malodorous urine,4 and crying on passing urine are the possible
presentation in newborn and young infants. Older children are able
to verbalize better speciﬁc symptoms, such as dysuria, frequency,
urgency, new onset urinary incontinence, abdominal or ﬂank pain,
suprapubic discomfort, and vomiting. In older children, the pres-
ence of speciﬁc urinary symptoms can be used as a criterion for
further examination.5 A critical review concluded that although
individual symptomand signwerehelpful in the diagnosis of UTI, noiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
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cient enough to identify children with UTI.63. Role of urinalysis
Investigation for UTI starts by examining the urine. For pre-toilet
trained children, urinalysis and urine culture can be collected from
suprapubic aspiration or urethral catheterization when the child is
ill and require immediate antibiotic therapy. A fresh bag urine
specimen can also be used and examined as an initial screening
tool. The urinalysis should be performed on fresh urine with
maintenance at room temperature< 1 hour after urine collection or
< 4 hours at refrigeration.8 Numerous studies and meta-analyses
have examined their accuracy to predict or exclude UTI in
children (Table 1).1,7,8
To diagnose UTI, urinalysis should focus on biochemical analyses
of leukocyte esterase and nitrite through a rapid dipstick method
and urine microscopic examination for pyuria and bacteriuria. The
test of leukocyte esterase detects the presence of this enzyme that
is released from white blood cells (WBCs) in urine. Therefore,
positive leukocyte esterase is comparable to pyuria (WBC 5/HPF
or approximately 25 WBCs/mL) by microscopy using centrifuged
urine, with a sensitivity of about 79% and speciﬁcity of 87%. False
positive results may be caused by external contamination (vulvo-
vaginitis), viral infection (roseola infantum), Kawasaki disease,
acute appendicitis, or vigorous exercise. False negative result may
occur in febrile neutropenic children. Nitrites are produced by
bacterial conversion of nitrates that are normally present in the
urine. Most gram-negative bacteria that are cultured in urinary
infections are capable of producing positive results of nitrite test.
However, not all organisms causing UTI produce nitrites (Pseudo-
monas aeruginosa and most gram-positive organisms do not pro-
duce nitrite) and the conversion requires minimum 4 hours. False
negative may occur in children who void frequently. As a result,
nitrite test has a low sensitivity (about 50%) but high speciﬁcity
(98%) for pediatric UTI. Therefore, negative result of nitrite test does
not rule out UTI. However, when the test is positive, UTI is very
likely. The combination of both leukocyte esterase and nitrite tests
is highly sensitive and speciﬁc (Table 1). A recent study shows
dipstick may be an adequate screening test for UTI with a negative
predictive value of 98.7%. Addingmicroscopy increases the negative
predictive value to 99.2% but results in 8 false-positive tests for
every UTI missed by dipstick.9
Enhanced urinalysis of a fresh uncentrifuged urine by hemocy-
tometer ( 10 WBC/mL in a counting chamber and the presence of
any bacteria in a gram-stained smear) has greater sensitivity and
speciﬁcity than standard urinalysis (Table 1).10,114. Physical examination and laboratory data of inﬂammation
A complete physical examination is important to exclude other
causes of fever. Physical examination should include looking forTable 1
Diagnostic value of dipstick and microscopy for the diagnosis of urinary trac
Test
Leukocyte esterase
Nitrite
Either leukocyte esterase or nitrite positive
Both leukocyte esterase and nitrite positive
Microscopy, WBCs
Microscopy, unstained bacteria
Microscopy, Gram stain
Enhanced urinalysis ( 10 WBC/mL or bacteria)genital abnormalities (including phimosis in male patients, labial
adhesion or vulvovaginitis in female patients), any stigmata of
spinal biﬁda, basic neurological tests, and abdominal examination
of any palpable mass or stool.
The diagnosis of acute pyelonephritis is traditionally based on
typical symptoms and signs such as fever and back or ﬂank pain.
Because of the nonspeciﬁc nature of clinical symptoms and signs,
an accurate diagnosis based only on these parameters is always
difﬁcult and unreliable. Nonspeciﬁc tests of inﬂammation (such
as elevated peripheral white blood cell count, C-reactive
protein > 2 mg/dL, or erythrocyte sedimentation rate > 30 mm/h)
can provide helpful guidance. The erythrocyte sedimentation rate is
not useful in differentiating cystitis from acute pyelonephritis at the
cutoff 30 mm/h. C-reactive protein has been shown to have a high
negative predictive value and is useful in ruling out acute pyelo-
nephritis when its level is low. However, it is an imperfect marker
to identify acute pyelonephritis because of a low speciﬁcity.12,13
Procalcitonin is considered the best parameter to predict the
presence of renal parenchymal involvement during acute stage, as
well as a possible predictor for late renal scarring.12e145. Methods of collection and interpretation of urine culture
Urine culture is considered the gold standard for diagnosis of a
UTI. However, diagnosis is complicated by contamination from fecal
bacteria that colonize the perineal area and distal urethra. Without
contamination of perineal ﬂora, suprapubic aspiration has been
considered the standard method for urine culture in young chil-
dren. Urine specimen via catheterization is associated with a higher
success rate and less pain than suprapubic aspiration.1 For infants
who are ill enough to consider immediate antibiotic treatment,
WHO recommendation suggests to obtain urine by either supra-
pubic aspiration or catheterization.15 Suprapubic aspiration or
transurethral catheterization are strongly recommended from 2011
AAP guidelines for children aged 2e24 months.1 For toilet trained
children, urine specimen for culture can be obtained by midstream.
Urine cultures collected from a bag applied to the perineum is not
suggested due to unacceptably high false-positive rates (85%)
secondary to contamination by periurethral ﬂora.1 The only utility
of this method is that UTI can be excluded when bag culture is
negative. For non-toilet trained baby, a bag specimen is used as
an initial urinalysis for screening and a subsequent culture is
obtained by catheterization or suprapubic aspiration if urinalysis is
abnormal.
Deﬁnitions of positive or negative culture results are related to
the methods of collection. Obviously, the cutoffs of positive culture
results are operational and not absolute. Distal urethra or perineal
area is always colonized by some fecal bacteria. Although bacteria
are not present in bladder urine, a low colony count may be present
in a specimen collected through voiding or catheterization, espe-
cially in boy with phimosis or girl with labial adhesion. As a result, a
signiﬁcant colony count depends on the methods of urinet infections.
Sensitivity % (95% CI) Speciﬁcity (95% CI)
79 (73e84) 87 (80e92)
49 (41e57) 98 (96e99)
88 (82e91) 79 (69e87)
45 (30e61) 98 (96e99)
74 (67e80) 86 (82e90)
88 (75e94) 92 (93e96)
91 (80e96) 96 (92e98)
95(94e96) 89 (84e93)
Table 2
Criteria for UTI diagnosis based on the bacterial colony count in urine culture.
Guidelines Method of collection Criteria Colony
count (CFUs/ml)
2011 AAP8 Urinalysis Pyuria þ/
bateriuria
and
Suprapubic aspiration or
catheterization
> 5 104
2006 CCHMC Suprpubic aspiration > 103
Catheterization > 104
Clean catch midstream > 105
2012 Italian Society
of Pediatric
Nephrology20
Catheterization > 104
Clean voided urine > 105
Urine bag > 105
2014 Canadian
Paediatric Society21
Suprapubic aspiration Any growth
Catheterization  5 104
Midstream (clean catch)  105
2015 EAU/ESPU
guidelines22
Suprapubic aspiration Any growth
Catheterization  1035 104
Midstream  104 with
symptoms or
 105 without
symptoms
2016 UAA/AAUS: Asia
guidelines for UTI in
children23
Urinalysis Pyuria þ/
bateriuria
and
Suprapubic aspiration Any growth
Catheterization > 5 104
Midstream > 105
CCMHC: Cincinnati Children's Hospital Medical Center.
UAA/AAUS: Urological Association of Asia / Asia Association of UTI & STI.
J.-D. Tsai et al. / Urological Science 27 (2016) 131e134 133collection and clinical presentation. The decision of different cutoff
values is based on the risk of contamination of different methods of
urine collection.
Diagnosis of UTI requires adequate collection of uncontami-
nated urine sample for culture. In the 1950s, Kass in his study on
adult women established the threshold of 105 CFUs/ml in a voided
specimen to deﬁne a positive urine culture.16 However, the use of
this cutoff may exclude somewomenwho had true UTIs with lower
bacterial counts. Pryles et al. reviewed the pediatric data in 1960
and concluded that the cutoff of > 105 CFUs/ml could deﬁne pedi-
atric UTI too, whereas cultures < 103 CFUs/ml represented
contamination and those with 104e105 should be repeated.17
Culturing more than one time was suggested to increase the like-
lihood of true infection in 1999 AAP guidelines.18 Some experts
suggest increasing the diagnostic threshold for UTI from 105 to 106
CFUs/ml to reduce the false-positive rate.19 In young children, the
method of urine collectionwill affect the rate of contamination and
the interpretation of urine culture. Different cutoffs of positive
cultures obtained by bag, midstream, catheterization, and supra-
pubic aspiration have been deﬁned based on contamination risk of
specimens. In young children, urine is usually collected by cathe-
terization or suprapubic aspiration. The cutoff for deﬁning UTI by
catheterization is always considered 104 CFUs/ml.19,20 However,
Hoberman et al. noted that a high proportion (65%) of cultures with
colony counts between 104 and 5 104 for catheter specimens
grew mixed organisms or gram-positive cocci suggestive of
contamination.10 However, true infection with lower colony count
can occur (eg, reduced bladder incubation time owing to urinary
frequency or high urine ﬂow rate, partial treatment of antibiotics).
Therefore, the authors also suggest that in patients with bacterial
counts between 104 and 5 104 CFU/ml and persistent symptoms,
the management should be individualized.10 As a result, the 2011
AAP guidelines suggest that in patients 2 to 24 months old, UTI
diagnosis requires both a urinalysis with pyuria and/or bateriuria
and a culture with at least 5 104 CFUs/ml of a single pathogen
cultured from a specimen obtained through catheterization or
suprapubic aspiration.8 However, when urine culture is obtained
from suprapubic aspiration, a method that bypasses the urethra,
most guidelines suggest any bacterial growth from suprapubic
specimens is clinically signiﬁcant. The National Institute for Health
and Care Excellence (NICE), Italian, and Canadian guidelines pro-
pose clean catch urine as the method of choice for non-toilet
trained young children (Table 2).5,20,21 The method leaves the
child with the diaper off and obtains a clean-catch urine when the
child voids. Table 2 lists the criteria for UTI diagnosis based on the
bacteria colony counts in urine specimen and urinalysis in recent
UTI guidelines.6. Concept of asymptomatic bacteriuria
Asymptomatic bacteriuria is deﬁned as growth of a signiﬁcant
number of bacteria from the urine of an asymptomatic patient.24 In
children, asymptomatic bacteriuria mainly affects school-aged girls
and infants. A minimum of 2.5% of the boys and 0.9% of the girls
presented with asymptomatic bacteriuria during their ﬁrst year of
life.25 Their follow-up study showed that the asymptomatic
bacteriuria lasted 0.5e7.5 months and resolved spontaneously
without any evidence of renal scarring during the 6-year follow-up
period.26 Asymptomatic bacteriuria is caused by bacterium of low
virulence that colonizes the urinary tract and does not damage the
kidney. The differential diagnosis of asymptomatic bacteriuria and
true UTI is important. Studies showed that antibiotic treatment
for children with asymptomatic bacteriuria may do more harm
than good.27It is not easy to distinguish infants with asymptomatic bacteri-
uria and fever of other etiology from true UTI.28 An important
change in 2011 AAP guidelines is about the deﬁnition of true UTI.8
Their criteria suggest a deﬁnitive diagnosis of UTI is made on the
basis of both quantitative urine culture and positive results on
urinalysis. It is now recognized that the presence of white blood
cells is an important feature of true UTI. A febrile UTI produces both
fever and pyuria. Pyuria is a hallmark of UTI and helps to distin-
guish UTI and asymptomatic bacteriuria. Asymptomatic bacteriuria
will have no pyuria, despite the positive urine culture. In addition,
inﬂammatory tests (WBC, erythrocyte sedimentation rate, C-reac-
tive protein, or procalcitonin) may help in differentiation between
neonatal viral infection with asymptomatic bacteriuria and
true UTI.7. UAA/AAUS: Asia guidelines for UTI in children
Recently, we construct Asia Guidelines for UTI in Children for
UAA/AAUS (Urological Association of Asia / Asia Association of UTI
& STI).22 About the diagnosis of UTI, some recommendations were
made:
1. The presence of UTI should be considered on the basis of clinical
presentation, the age of the child, and the severity of the disease.
However, clinical symptoms/signs are not sufﬁciently accurate
to deﬁnitively diagnose UTI.
2. Diagnosis of UTI requires both urinalysis that suggests infection
(WBC > 5/HPF) and positive urine culture. For pre-toilet trained
children, urine specimen for culture should be collected by
J.-D. Tsai et al. / Urological Science 27 (2016) 131e134134urethral catheterization or suprapubic aspiration. For toilet
trained children, midstream clean catch urine is reliable.
3. Urine culture is consideredpositive if it demonstrates growthof a
single bacterium with the following colony counts: (1) any
growthbysuprapubic aspiration, (2)>5 104CFU/mlbyurethral
catheterization, or (3) >105 CFU/ml by midstream clean catch.
Like the recommendations of 2011 AAP guidelines, our criteria
suggests a diagnosis of UTI is made on the basis of both quantitative
urine culture and pyuria on urinalysis. The key to distinguish true
UTI from asymptomatic bacteriuria is the presence of pyuria in
urine specimen. Suprapubic aspiration or catheterization for urine
collection is suggested to make it easier to diagnose children with
low bacterial counts as well as reduce the false positive result due
to contamination. Like the suggestion in most guidelines (Table 2),
we regard the growth of any bacteria in urine samples collected
with a suprapubic aspiration as signiﬁcant. It is reported that 17.2%
infants with UTI diagnosed by suprapubic aspiration are missed
when the criteria of 2011 AAP guidelines (>5 104 CFU/ml) was
used.29 These infants with low bacterial count have similar risk of
vesicoureteral reﬂux and renal damage as those with a high bac-
terial count.
8. Conclusions
The optimal diagnosis of UTI in children should be based on
clinical presentation, physical examination, urinalysis interpreta-
tion, methods of urine collection, cutoff threshold of urine culture,
inﬂammatory markers, and sometimes imaging studies. Timely and
appropriate diagnosis and prompt treatment of a febrile UTI is
important to eradicate the acute infection, to prevent bacteremia
(in particular, young infants less than 3 months of age), to improve
the clinical condition, and possibly to reduce the likelihood of renal
damage.
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